Substituted aminopyrazoles (5a-d) were synthesized and reacted with bidentate electrophiles to afford pyrazolo [1,5-a]pyrimidines. The regioorientation of reagents has been determined by ( 15 N, 1 H) HMBC measurements as well as an X-ray crystal structure determination.
Introduction
The synthesis and chemistry of pyrazolo [1,5-a] pyrimidines have recently been revived as revealed by the vast number of papers and patents which report routes for the synthesis of different biologically active pyrazolo [1,5-a] pyrimidine derivatives. [1] [2] [3] [4] [5] [6] The recent discovery of Zaleplon (1) as an ideal hypnotic drug has stimulated further interest in the pyrazolo [1,5-a] pyrimidine chemistry. 7, 8 Pyrazolo [1,5-a] pyrimidines are readily obtained via reacting bidentate electrophiles with 3-amino-1H-pyrazoles. 9 If the reagent is symmetrical or a monocyclic intermediate is isolable, defining the exact structure of the reaction product does not make any significant problem. However, in some cases the only isolable products are the finally formed pyrazolo [1,5-a] pyrimidines. 10, 11 In such cases the identification of the exact regioorientation of the reactants could be only established with certainty by X-ray crystal structure determinations. 12 In the past 9 we have described several synthetic approaches to pyrazolo [1,5-a] pyrimidines via reacting α,β-unsaturated nitriles and esters with 3-amino-1H-pyrazoles. The assigned structures were mainly based on the observed position of amino or carbonyl functions in 1 H NMR and IR spectra. Now we report on a more conclusive structure elucidation by applying ( 15 N, 1 H) HMBC experiments.
Results and Discussion
The aminopyrazole 5a, that has been selected as starting material, could be prepared via reacting 2 with hydrazine hydrate in a microwave oven in the presence of acetic acid. On the other hand 5b-d were prepared via coupling 3 with aromatic diazonium salts and subsequent refluxing of the so formed arylhydrazones 4b-d with hydrazine hydrate in ethanolic solution (Scheme 1). ArN=N Cl
Scheme 1
Compounds 5a-d reacted with benzylidenemalononitrile 6 to yield aminopyrazolo [1,5-a] pyrimidines that may be formulated as 8a-d or isomeric 10a-d. Thus if the initial addition involves ring nitrogen atom N-2, as has been assumed earlier by Elnagdi et al. 10 , Michael adduct 7 would be formed. This then cyclizes to yield 8. On the other hand, if the exocyclic amino function reacts with the electrophilic carbon atom of 6, 9 would be formed. Its cyclization and autoxidation would then afford 10 (Scheme 1). Reacting 5a with 2 also afforded products that can be formulated as 11 or isomeric 12 (Scheme 2). Figure 1 shows an 15 
Scheme 3
We could obtain an X-ray crystal structure 13 for the reaction product of 6 and 5c. As clearly indicated (cf. figure 3 ) and contradicting previous believes 10 the reaction product 10c is a 7-aminopyrazolo[1,5-a]pyrimidine . The tautomerism of 10c in solution was not studied. Similar to the behaviour of 5a-d toward 6, compound 5b also reacted with 3-(piperidin-1-yl)acrylonitrile 13 to yield 14 (Scheme 4).
In conclusion 2D ( 15 N, 1 H) HMBC measurements and X-ray crystal structure analyses can be readily utilized to establish the product structures of reacting aminoazoles with β-bifunctional reagents. All pyrazolo [1,5-a] pyrimidines discussed here bear the amino group on C-7. That proves a regioselective reaction of the 3-amino-1-H-pyrazoles 5 and α,β-unsaturated nitriles 2, 6, 13. Two-dimensional NMR Bruker AMX 400 and Avance 600. Microwave irradiation was carried out using a commercial microwave oven (SGO 390 W). Crystal structures were performed using Envaf Nonius 591 Kappa CCD single crystal diffraction. Ms spectra were recorded on a Fison Instrument VG ProSpec Q.
3-Amino-4-phenyl-1H-pyrazole (5a)

14
One gram of 2 is placed in a 50 ml conical then treated with hydrazine hydrate (1 ml: 80%) then with acetic acid (2 ml) and DMF (2 ml). The reaction mixture was then heated in a domestic microwave oven at full power for 3 minutes. The resulting product was then triturated with water and the so formed solid was collected by filtration then crystallized from ethanol, (yield 67%, 0.5 g of 5a. The product was found identical (identity was made by mp 176-177 o C, lit. 14 mp176 o C and mixed mp 175-176) with product obtained following literature procedure; MS (EI) m/z 159 (M + , 100%).
General procedure for the preparation of 4-(arylazo)-5-ethyl-1H-pyrazol-3-ylamine (5b-d)
A mixture of 4a-d (10 mmol) in 20 ml EtOH, and hydrazine hydrate 80 % (0.75 g, 15 mmol) was heated under reflux for 2 h. The reaction mixture was then poured into water, filtered off and recrystallized from ethanol. 3-(2'-chlorophenylazo)-2-ethyl-5-phenyl-pyrazolo[1,5-a] (11) . A solution of 5a (1 mmol) and 2 (1 mmol) in pyridine (10 ml) was refluxed for 5 h then left to cool to room temperature , poured onto water and neutralised by diluted hydrochloric acid. The solid product, so formed was collected by filtration and crystallized from dioxan, (yield 70%, 0.15 g) mp 221-223 o C of the product that was found identical in every respect with the literature product 15 , lit. mp 222-224 o C. All NMR data are shown on figure 1 and 2 in discussions; MS (EI) m/z 286 (M + , 100%).
4-((4-Chlorophenyl)diazenyl)-5-ethyl-1H-pyrazol-3-amine (5b
3-(4'-Chlorophenylazo)-2-ethyl-pyrazolo[1,5-a]pyrimidin-7-ylamine (14)
. A mixture of 5b (0.249 g, 1 mmol) in pyridine (10 ml), and 3-piperidin-1-yl-acrylonitrile (0.136 g, 1 mmol) was refluxed for 6 h the reaction mixture was then poured into ice water, and neutralize by HCl, filtered off and recrystallized from ethanol to give orange crystals, (yield 67%, 0. 
